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[M(CO) 3 ] + (where M = Tc or Re) complexes with tridentate ligands featuring stilbene functional group have been prepared that bind to amyloid-β plaques that are a hallmark of Alzheimer's Disease.
Introduction
Alzheimer's disease (AD) is the major cause of neurodegenerative dementia. A pathological hallmark of the disease is the presence of extracellular senile plaques in the brain. The major constituent of these plaques is an aggregated peptide called amyloid-β (Aβ), a 39-43 amino acid peptide derived from the amyloid precursor protein (APP). 1, 2 The exact role of Aβ plaques in dementia remains controversial, but extensive cortical Aβ deposition is a common feature identified by post-mortem analysis of AD subjects. 3 Clinical diagnosis of AD relies on tests to establish progressive impairment of memory and in at least one other area of cognition. 4, 5 Molecular imaging techniques offer the possibility of identifying disease associated pathology and the desire for earlier and more accurate diagnosis of AD has led to the development of radioactive tracers designed to cross the blood-brain barrier and bind with some degree of selectivity to Aβ plaques. The fluorescent dye Thioflavin-T that binds to Aβ plaques in vitro provided the structural inspiration for the development of several radiolabelled benzothiazole and stilbene compounds that have been used with considerable success to quantify plaque burden in human patients. It is thought that these molecules enter a hydrophobic pocket or channel and bind to the plaques by way of a combination of hydrophobic and π-π interactions. The benzothiazole, 2-(4-[ 11 C]methylaminophenyl)-6-hydroxybenzo-of amyloid. 3, 5, [15] [16] [17] . For imaging applications using carbon-11 or fluorine-18 radioisotopes the isotopes are produced by cyclotrons and the radionuclides are attached covalently to plaque binding molecules. Covalent attachment of radioisotopes to tracers requires complicated synthetic manipulations and specialist equipment. Despite the rapid increase in the number of hospitals equipped with the requisite infrastructure for PET, single photon emission computed tomography (SPECT) is the most commonly used nuclear imaging technique. The most commonly used radioisotope for SPECT is 99m Tc, which is available from convenient generators. ) using conditions amenable to radiopharmaceutical applications. [23] [24] [25] The "carbonyl core"
approach exploits the stability of the metal tricarbonyl core by substituting the water ligands with ligands designed to modify biodistribution. In the absence of non-radioactive isotopes of technetium the Group VII congener rhenium, which by virtue of the lanthanide contraction has similar ionic radii to technetium, is often used as a surrogate to guide synthetic developments. This manuscript describes the synthesis and characterisation of tridentate ligands designed to bind to the [M(CO) 3 ] + core (M = Tc I /Re I ) that feature pendent stilbene functional groups designed to bind to amyloid plaques. The ability of the new rhenium complexes to bind to Aβ plaques in human brain tissue is assessed and the preliminary brain uptake of the 99m Tc analogues is determined in both wild-type mice and a mouse model of Aβ plaque pathology (APP/PS1). has singlets for each of the two methylene groups and two multiplets for the proton pairs within the ethylene that split into in four AB doublets for each methylene proton and four multiplets for the ethylene protons upon coordination (Figure 2 ). [26] [27] [28] [29] [30] [31] This is possibly due to the inclusion of a six membered chelate ring instead of two five membered chelate rings seen in other complexes with the same donor atom set. (Figure 5b) ).
Results and Discussion
The electronic spectra of stilbene and its derivatives are concentration dependent leading to excimer formation and stilbenes are photochromic but such detail was not investigated for these derivatives. (Figure 9 ). The majority of activity was shown to be within the bladder. A large amount of activity was also recorded within the gall bladder and liver indicating excretion of the compound by both the urinary and hepatobiliary system. and mass spectrometry, and two rhenium complexes were characterised by X-ray crystallography. ], the degree of brain uptake in a transgenic murine model of amyloid pathology was relatively low (0.24% ID/g).
Synthesis of fac-[
Conclusion
Effective penetration of the blood-brain barrier is a major challenge in the development of metal-based imaging agents designed to offer insight into the molecular aspects of neurodegeneration. Compounds that bind to Aβ plaques are often lipophilic and consequently display high levels of deposition in the lungs and liver and also susceptible to metabolism by P450 enzymes. Nonspecific binding to albumin and other serum proteins can also decrease the dose of a particular tracer that enters the brain. It would be of interest to investigate if these technetium complexes are substrates for either p-glycoprotein or breast cancer resistant protein, as both function as efflux pumps that act to remove substrates from the brain. 39 H} NMR at 126 MHz) at 298 K. All chemical shifts were referenced to the internal solvent residue and quoted in ppm relative to TMS. Chemical & MicroAnalytical Services Pty. Ltd., Victoria, Australia, carried out elemental analyses for C, H and N. Analytical radio-HPLC was performed using a Shimadzu 10AVP UV-Vis detector (Shimadzu, Kyoto, Japan), two LC-10ATVP solvent delivery systems (for solvent A (0.1% trifluoroacetic acid in MilliQ H 2 O) & B (0.1% trifluoroacetic acid in acetonitrile)), a Nacalai Tesque Cosmosil 5C18-AR Waters column (4.6 mm I.D. × 150 mm) (Nacalai Tesque, Kyoto, Japan). The mobile phase used was a gradient consisting of 5% solvent B at t = 0 to 100% solvent B after 20 min. All runs were conducted at a constant total flow rate of 1 mL.min -1 and the absorbance was monitored at λ 254 nm. The Re analogues of 99m Tc complexes were used to confirm synthesis of complexes by comparison of retention times when analysed by RP-HPLC. Absorbance spectra were obtained on a Shimadzu UV-1650PC UV/visible spectrophotometer and emission spectra were obtained on a Varian CARY Eclipse fluorescence spectrometer, with both performed using capped quartz cuvettes. Infrared spectra were recorded using a Perkin-Elmer Spectrum One FTIR spectrometer, with a zinc selenide/diamond universal ATR 60 sampling accessory. Crystals of compounds were mounted in low temperature oil then flash cooled. Intensity data were collected at 130 K on an Xray diffractometer with CCD detector using either Cu-Kα (λ = 1.54184 Å) or Mo-Kα (λ = 0.71073 Å) radiation. Data were reduced and corrected for absorption. 42 The structures were solved by direct methods and difference Fourier synthesis using the SHELX 
(E)-4-(4-Bromostyryl)-N,N-dimethylaniline (2a).
Modified from a literature procedure. 46 To a dry round bottom flask was added 4-bromobenzyl bromide (3.57 g, 14.2 mmol) and triethyl phosphite (7.5 mL, 43.1 mmol). The reaction mixture was heated at reflux for 2.5 h then unreacted triethyl phosphite was removed by evaporation under reduced pressure and the residue was used without further purification. DMF (8 mL), sodium hydride (80% w/w, 1.01 g, 33.7 mmol) and 4-dimethylaminobenzldehyde (2.10 g, 14.1 mmol) were added to the residue and the mixture was stirred at ambient temperature for 12 h. The reaction was quenched by the addition of ethanol then water to afford a green precipitate. The precipitate was collected by filtration, dissolved in dichloromethane (40 mL), washed with water (3x 40mL), and the organic phase was then dried (MgSO 4 
4-(4-Dimethylamino)styryl)benzaldehyde (2).
Modified from a literature procedure. 46 To anhydrous and deoxygenated THF (5 mL) was added (E)-4-(4-bromostyryl)-N,N-dimethylaniline (0.48mg, 1.6 mmol) and the mixture was cooled to -78°C. To the reaction mixture was added n-butyl lithium (1.2 M, 2 mL, 2.4 mmol) dropwise and then DMF (2.6 mL). The mixture was stirred for 3.5 h at -78°C and then the reaction was diluted with diethyl ether (1 mL) followed by water to afford a bright yellow precipitate. The reaction mixture was extracted with dichloromethane (150 mL), washed with brine (100 mL), then water (3x 100 mL), the organic phase was then dried (MgSO 4 ), filtered and the solvent removed by evaporation under reduced pressure to afford 4-(4-dimethylamino)styryl)benzaldehyde as an orange crystalline powder (0.32 mg, 1.3 mmol, 82% (E)-1-(pyridin-2-yl)-N-(4-styrylbenzyl)methanamine (3) . To anhydrous ethanol (80 mL) was added 2-picolylamine (1 mL, 9.7 mmol) and trans-4-stilbene-carboxyaldehyde (0.98 g, 4.7 mmol). The reaction mixture was heated at reflux under an atmosphere of N 2 . After 30 min sodium borohydride (0.71 g, 19 mmol) was added in small portions and the reaction was heated at reflux again. After 6 hours at reflux the reaction was cooled to ambient temperature, the mixture was adjusted to pH 10 (1M NaOH) then to pH 7 (1M HCl). The reaction mixture was extracted with dichloromethane and the organic phase was washed (3 x 100 mL, H 2 O). The organic phase was dried (MgSO 4 ), filtered, the solvent removed by evaporation under reduced pressure, and the residue was dried under vacuum to yield a colourless wax (1.3 g, 4.4 mmol, 93% (E)-N,N-dimethyl-4-(4-((pyridin-2-ylmethylamino)methyl)styryl)aniline (4) . To anhydrous ethanol (50 mL) was added 2-picolylamine (0.44 g, 9.7 mmol) and 2 (0.36 g, 1.4 mmol). The reaction mixture was set stirring and heated at reflux. After 1 h, sodium borohydride (0.70 g, 18.5mmol) was added in small portions and the reaction was heated at reflux again. After 6 hours, the reaction was cooled to ambient temperature and the mixture was adjusted to pH 12 (1 M NaOH) and then pH 7 (1M HCl). After extracting the reaction mixture with ethyl acetate the organic layer was washed with brine (2 x 100 mL), and then with water (3 x 100 mL), dried over MgSO 4 , filtered and the solvent was evaporated under reduced pressure. The resultant waxy yellow residue was triturated with petroleum benzene (boiling range 40-60%) and isolated by filtration followed by purification by silica chromatography (chloroform) to afford compound 4 as a yellow powder (0.33 g, 0.97 mmol, 68% (E)-methyl 3-((pyridin-2-ylmethyl)(4-styrylbenzyl)amino)propanoate (methyl ester of L 1 ). To ethanol (30 mL) was added 3 (0.40 g, 1.3 mmol), methyl acrylate (0.25 mL, 2.8 mmol) and acetic acid (0.20 mL, 3.5 mmol). The mixture was heated at reflux for 26 hr then cooled to ambient temperature and the solvent was removed by evaporation under reduced pressure. The crude product was eluted through a plug of silica using ethyl acetate, the solvent removed and the residue dried in vacuo to afford the methyl ester of L 1 as a yellow oil (0.32 g, 0.83 mmol, 62% 
